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Macfad (grapefruit), Zingiber officinale Roscoe (ginger) and Satureja montana L. (winter savory), all provided by Flora srl (Lorenzana, Pisa, Italy).
Gas Chromatography/Mass Spectrometry (GC/MS) Analysis
Gas Chromatography/Mass Spectrometry (GC/MS) analyses were performed as previously detailed in Massa et al. (2018) [11] . Briefly, a Gas Chromatograph PerkinElmer Clarus 500 GC/FID/MS equipped with non-polar capillary column HP-5MS (5 % diphenyl, 95 % dimethylpolysiloxane), with a length of 30 m, internal diameter of 0.25 mm and film thickness of 0.25 m, was used. Helium flow was 1.5 ml min-1. Analyses were performed in the temperature range 60-280 °C, and the heating rate was 10 °C min-1. The injection volume was 1 l of 1:50 (v/v) solution of each EOs in dichloromethane. The analysis was repeated three times for each sample. AST card using VITEK® 2 automated system (BioMerieux, France). S. aureus NCTC 6571 strain was used as reference strain. Briefly, strain suspensions obtained in physiological solution were adjusted to 0.5 McFarland by measuring absorbance at 600 nm. These suspension were then loaded into the instrument in VITEK® 2 AST cards that provided a Accepted paper
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Disk diffusion assay
The following assays were carried out with 44 S. aureus strains and the reference strain S. aureus NCTC 6571. Vancomycin antibacterial effects were evaluated according to EUCAST Disk Diffusion Method for Antimicrobial Susceptibility" v. 7.0 (January 2019). The sensitivity to the EOs was assessed using agar disk diffusion method: strain suspensions (0.5
McFarland) obtained in physiological solution were swabbed on Mueller Hinton Agar (Biolife Italiana S.r.l., Italy) plates. Filter paper disc (6.0 mm diameter) were placed on the agar surface and added with 10 µl of pure EO. Pure dimethyl sulfoxide (DMSO) (D-8418 -Sigma-Aldrich, St. Louis, MO, USA) (10 µl) and organic linseed oil (10 µl) disks were used as negative controls, while vancomycin was considered as positive control. Plates were incubated at 37 °C for 24 h. All experiments were performed in triplicate. The halos were measured in mm using calipers. 
Minimal Inhibitory Concentration (MIC) of EOs
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Fluorescein Diacetate assay (FDA)
FDA (Sigma-Aldrich, St. Louis, MO, USA) stock solution (2.6 M) was prepared solving 1 g of fluorescein diacetate in 1 ml of sterilized potassium-phosphate buffer (8.7 g K2HPO4 and 1.3 g KH2PO4 in 1 l deionized water). Bacterial cells were treated as reported for the MIC determination. The microtiter plates were incubated at 37 °C for 24 h. After incubation, 40 µl of 2.4 mmol l-1 FDA were added to cell suspension to a total volume of 240 µl per well and incubated in the dark at 37 °C up to 60 min. Fluorescence intensity was measured in a TECAN microplate reader Infinite F200 pro (Tecan, Switzerland) using 492 nm excitation and 510 nm emission filters. The percentage of fluorescence inhibition (%FI) was calculated using the equation from Machado and Soares (2013):
where Fa is the fluorescence of the assay (cells treated with EOs) and Fmax is the mean fluorescence of the positive controls (final well of each titre without EO in which all the cells are metabolically active).
Statistical analysis
Statistical analyses were performed using StatView 4.5 (Abacus Concepts, Berkeley, CA, USA); data were compared by one-way ANOVA, followed by a post-hoc PLSD test (p≤0.05).
Results
The forty-five clinical strains of S. aureus, were listed in Table 1 , also reporting their isolation origin and their response to different antibiotic drugs (MIC results). Following the
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The results of disk diffusion assay performed on the clinical strains of S. aureus and on the NCTC 6571 reference strain are shown in Figure 1 . The individual data related to the negative controls carried out with DMSO and linseed oil have not been reported as no strains have been inhibited.
In general, most of the oils were effective on a considerable number of strains, with a trend that did not allow to highlight differences in the sensitivity of meticillin-resistant strains compared to the others (data not shown). For each EO, strains that recorded a final value greater than Vancomycin were considered significant and the subsequent tests for determining the minimum inhibitory concentration and evaluation of the metabolic activity were then carried out on them and the relative oils.
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11 Figure 1 shows the presence of an important inhibitory action on S. aureus by oregano and winter savory EOs, which have proved to be active on all the strains considered, with a peak of about 300 % of inhibition compared to vancomycin. In particular, 32 % of the strains proved to be sensitive to winter savory EO (data not shown) with an efficacy of 250 %, while 50 % of them showed a value of less than 200 %. Oregano oil instead inhibited 50 % of the strains with an efficacy of 200 %, and only 23 % were below this threshold. Lavender, basil and tea tree oils were effective against at least 50 % of the tested strains, despite their inhibitory effect being lower than that of oregano and winter savory and are closer to that of positive control (vancomycin). The mint EO can be considered a special case: in fact, it inhibited very strongly the growth of three strains, with percentages higher than 300 %, while for 40 % of strains, this oil induced an effect comparable to those of oregano and winter savory. Laurel, rosemary and grapefruit EOs had a significant effect on 28 %, 19 % and 9 % of the strains, respectively, while none of them was sensitive to the action of anise, bergamot and ginger oils.
MIC
The results obtained for each oil from the analysis of MIC on the S. aureus strains considered are reported in Table 2 . 
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FDA
FDA is hydrophobic, colourless, and non-fluorescent. It diffuses freely into undamaged cells and is hydrolysed into a more polar yellow-green fluorescent product (fluorescein) and two acetate molecules. Figure 2 shows the results for the reduction of the metabolic activity induced by decreasing concentrations of the different EOs, expressed as the mean values of data obtained for all the tested strains.
While for Laurel, Tea Tree, Rosemary and Lavender EOs, the reduction in metabolic activity was at least 50 % at maximum concentration (4 %), this was drastically reduced to 0 starting from the sub MIC concentrations. On the contrary, oregano and winter savory retained levels of reduction of metabolic activity that approximate to 10 % even at the lowest concentrations.
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A similar trend was observed for mint and basil EOs, although the last stabilized on lower final value and both were less effective at intermediate concentrations.
Discussion
EOs antibacterial activities are documented in several studies present in literature [12] .
Considering the current and still increasing problem of drug resistance [13] , also referring to MRSA strains diffusion, the antimicrobial properties of the essential oils can be considered as known that the synergistic mechanisms that exist between the components of essential oils are important in determining their effects [14] . In this sense, the choice to directly compare the action of essential oils with that of the most used antimicrobial molecules in the clinical field was considered a suitable approach to establish their effectiveness. The data obtained indicate that significant differences in the efficacy of EOs towards the 45 (44 clinical isolates and one reference strain) considered S. aureus strains, exist. However, these responses did not depend on the resistance to methicillin, which characterizes 39 % of the tested strains: in fact, a significant difference in the efficacy of the EOs towards the resistant and sensitive methicillin strains was never observed. This information is in agreement with various studies concerning the susceptibility of MRSA to Tea Tree EO, which was not dependent on methicillin-sensitive organisms [15; 16] . Also, the work carried out by Chao and coworkers [17] demonstrate the
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Among the twelve tested EOs in our work, oregano and winter savory EOs were excellent in their antibacterial effect, as they were effective on all the S. aureus strains, in accordance to previous studies [18; 19; 20] . Similar results were obtained with mint EO [21; 22; 17; 23] . 
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of action of each oil, which in turn depend on the chemical constituents and the effects that are determined by their interaction. In the case of S. aureus, the trend in the reduction of metabolic activity due to the treatment with essential oils is comparable for the concentrations tested: oregano, winter savory, basil and mint proved to be effective even at low concentrations, while tea tree, laurel, lavender and rosemary need higher concentrations to achieve comparable effects.
Considering the large number of different chemical compounds present in EOs, it is very likely that the antibacterial and antifungal activities are not attributable to a single mechanism of action, but that result from the effect of the various constituents on different cellular targets [26] . The cytotoxicity of EOs is linked to one of their important characteristics, hydrophobicity, which allows it to diffuse bacterial and eukaryotic cells through the wall and the cytoplasmic membrane. In fact, it seems that the oils interact with the membranes 
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The basic idea is the use of these data for the visualization of a mixture exploitable in the development of a medical device for external use, which allows the prevention, as well as the treatment, of any infections. The positive fact is that the formulated mixtures were effective in 100% concentration tests compared to traditional antimicrobials. Clearly it is necessary to implement the studies to arrive at defining a final concentration that is satisfactory from the point of view of biological activity, but which also allows to support the production costs of a medical device.
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Accepted paper
Microbiology Research
This article has been accepted for publication and undergone full peer review but has not been through the copyediting, typesetting, pagination and proofreading process, which may lead to differences between this version and the final one. Please cite this article as doi: 10.4081/mr.2019.8331 It should be noted that in this case, instead of reporting independent curves for all the strains and for each EO, it was preferred to graphically report the average of the data obtained for all Accepted paper 
